ABSTRACT
INTRODUCTION
The survival of a sexually transmitted infection (STI) (or any infectious disease) in a given population requires that each infected individual transmit, on average, to at least one additional individual. If, as is typically the case, transmission occurs only during a finite infectious period following acquisition, effective contact with a susceptible individual must occur during that infectious period if the disease is to persist. Thus, an important determinant of transmission for STIs is the length of time ("gap") between the end of an individual's partnership with one sexual partner and the start of their next partnership [1] . Gaps can be either positive, indicating that there is a nonzero interval between the two partnerships, or negative, indicating that the partnerships are concurrent, i.e., that they overlap. Concurrent partnerships are known to be a risk factor for STIs. As we emphasize here, however, even serially monogamous partnerships can be considered effectively concurrent if the gap length between them is shorter than the infectious period, since there is then a nonzero risk of transmission [1] .
Several well-studied predictors of individual STI risk are closely tied to gap length. For example, greater numbers of sex partners and higher rates of partnership change imply shorter gap lengths. It is possible that gap length is the more fundamental predictor in this case and that the efficacy of these quantities as predictors of risk is at least in part due to their correlation with gap length. Variation in gap lengths among population subgroups has also been suggested as a possible explanation for differences in population transmission patterns by disease [1, 2] .
Infectious periods vary by disease, and are, on average, shorter for bacterial infections than for viral infections. Mean duration of infectiousness of gonorrhea is 6 months in the absence of a control program, falling to an estimated 1.8 months if a control program is present [3] . By contrast, an individual with HIV becomes infectious shortly after infection and continues shedding virus indefinitely thereafter, although not at a uniform rate. Infectiousness is highest shortly after infection; it also varies with treatment [4] . Thus we expect the impact of gap length on STI transmission patterns to be strongly disease-dependent.
Despite its theoretical importance, however, there have been few studies describing the statistics of gap lengths and their correlation with other known STI risk factors. In an analysis of data from the National Survey of Family Growth, Kraut-Becher and Aral [1] found that gap lengths among sexually active women aged 15 to 44 varied by age, race/ethnicity, education, income and history of the diagnosis of a sexually transmitted disease. The study was limited, however, in that information about sex partnerships other than spouses and cohabiting partners was restricted to the 5 years before the interview, and information on the continuity of relationships was limited. Moreover, the results were limited to women and the distributions of the gaps between relationships and lengths of relationships were not presented. To address these concerns, we here analyze the distributions of gaps and partnership lengths in a random digit dialing survey conducted among 1194 male and female residents of the city of Seattle, WA during 2003-2004 [5] . In the Seattle survey, all respondents reporting any sexual activity were asked about their last five sex partners. Age and same-sex partners were the only significant predictors of positive gap length among respondents aged 25-39; below age 25 the only significant predictor was income. The lengths of negative gaps -overlaps -increased with age in the 25 to 39 bracket, and were negatively correlated with age at first sex among those less than 25. Survey Instrument: The survey instrument included questions on sexual history, partner and partnership characteristics of the respondent's five most recent partnerships, STI history, and demographics. The survey was pre-tested on a sample of the study population and revised prior to initiating data collection. The telephone survey required approximately 20 minutes to conduct and was administered using computer-assisted telephone interviewing software, which 6 standardized the interview and minimized data entry errors. Respondents were given the option to select the gender of the available interviewers.
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MATERIAL AND METHODS
Data analysis:
We used descriptive statistics and graphical techniques to describe the distributions of the gaps between partnerships, overlaps and lengths of partnerships.
Distributions were stratified by sociodemographic characteristics. We fitted linear regression models to identify significant correlates of the observed distributions, adjusting for other variables.
RESULTS
Each of the 1114 sexually active participants was asked about their previous five sex partners; 1051 individuals described one or more partnerships. Figure 1 shows the cumulative distribution of the lifetime number of partners among those 1051 individuals. As the figure shows, many individuals had only a small number of partners --38% reported five partners or fewer during their lifetime. However, the distribution also has a "fat tail" representing a small fraction of the population who had a large number partners --15% of the population reported having 20 or more partners during their lifetime. Figure 1 is plotted on logarithmic scales and when viewed in this way the tail has an approximate straight-line form (dashed line), implying that the data follow a Pareto distribution or power law, at least approximately. A similar observation has been made in other studies as well [6, 7] . (There are also some spikes in the distribution that are a result of digit preference -respondents had a tendency to round off larger numbers of partners to multiples of ten.) Among individuals reporting two or more partnerships, several patterns were observed ( Figure 2 ). Individuals often reported several sex partners of short duration at the beginning or end of a longer relationship (persons A, D, E, and F). Some individuals reported a sex partnership of short duration during a longer relationship (persons B and G), or an overlap between the end of one long partnership and beginning of another (persons C and G).
The distribution of the lengths of gaps between partnerships was almost identical regardless of whether the partnerships were the most recent or occurred in past. Figure 3 shows the distribution in cumulative form. Gaps of length less than zero correspond to overlapping relationships, and the cumulative distribution crosses zero around 75%, meaning that about 25% The cumulative distribution of the lengths of completed partnerships is shown in Figure   4 . As expected, the most recent partnership (denoted length 1 in the figure), which includes current partnerships, over-samples for longer partnerships (prevalence/incidence bias) so that the distribution has a broader tail than that for earlier partnerships. The distribution of the other four To explore sociodemographic correlates of the lengths of gaps and overlaps, we fitted a series of linear regression models predicting the length of the gap and of overlap (overlap is recorded as the absolute value of the time of overlap, i.e., a larger number corresponds to longer time of overlap). After adjustment for age, income, marital status, gender, age at first sex, and having same-sex partners were not significant predictors of gap length. Within individual age groups, however, other significant correlates appear, as shown in Table 1 . Among individuals less than 25 years of age (17% of the total) but not those over 25, positive gaps between sex partners tended to be shorter for those with higher income; among those 25 and older, positive between partners was shorter for younger individuals and for individuals having same-sex partners. For overlaps, individuals reporting that they had their first sex at a lower age tended to have longer overlaps, but only among those of age less than 25; for individuals over 25 years, older individuals tended to have longer overlaps. No other variables were significant correlates.
DISCUSSION
Among 18 to 39 year old Seattle residents participating in a random digit dialing survey, most (59%) of the gaps between partnerships were 6 months or less; thus, the majority of the population seeking new partners in this age group finds a new partner well within the infectious period of chlamydia, gonorrhea, and syphilis (if no treatment is received), and HSV, HPV, and 9 HIV. This was generally true independent of gender, race, income, or education. Among those 25 to 39, increasing age was associated with increasing time between partnerships.
Modeling studies suggest that overlapping partnerships are important drivers of the overall transmission of an STI through a population [2] . Over one-fifth of our population reported overlapping partnerships with overlaps of varying length: length of overlap increased with age among those 25 to 39, and decreased with age at first sex among those 18 to 25. We observed several different patterns of overlap, potentially correlated with life stage. Multiple short relationships, often overlapping, were not uncommon at the beginnings and ends of relationships. This is consistent with the qualitative work of Gorbach et al., who dubbed these as "transitional" concurrencies [8] . We also observed one or more short concurrencies during some Our findings have implications for future research in this area, for transmission system modeling and for the targeting of STI prevention efforts. Generalizations should, however, take into account the degree to which the Seattle population measured is representative of other populations. Further, our response rate, although consistent with other recent random digit dialing surveys, was not ideal [9] .
We examined data on up to five relationships for each respondent. The cumulative distribution of the lengths of gaps between successive partnerships was essentially independent of whether we looked at the most recent partnership or at older partnerships ( figure 3 ). This appears to be true even despite the known sampling bias for the most recent relationship in favor of longer duration. (In other words, there appears not to be a strong correlation between gap length and relationship length: for positive gaps the correlation is 0.47; for negative gaps (overlaps), 0.31.) Thus, it appears that future studies might effectively estimate gap length by measuring only the time between current and most recent relationship.
The availability of a relatively precise estimate of gap length and its distribution by STI correlates should enhance the ability of modelers to predict the impact of various gap lengths on the transmission system of particular STIs. However, with the exception of age and those engaging in same-sex relationships, we observed little variation in gap length among high risk STI subgroups. This is consistent with empirical studies that found few differences in concurrency rates among individuals in high and low HIV prevalent areas [10] . Thus, while gap length may be an important driver of disease spread, it may not vary sufficiently between population subgroups to explain observed differences in disease rates.
The data presented here will be useful in the estimation of parameters for quantitative modeling of the spread of STIs. For instance, Kretschmar and Dietz [11] This figure is of the same order of magnitude, but not exactly equal to, the estimate of above precisely because of partnership concurrency. The most correct way to accommodate this discrepancy would be to extend the model to allow concurrent partnerships, but in the absence of such an extension the best we can say is that the appropriate value of lies in the range of about 6 to 8 partnerships per year per single individual.
A similar calculation allows us to calculate , the rate of dissolution of partnerships. The fraction of individuals in partnerships at the time of our survey was 77.5% and, ignoring population growth, the average rate at which partnerships end is equal to the rate at which they form (since every partnership must end sometime), which is 1.81 ± 0.17, as above. Thus the rate of dissolution per member of a partnership is 1.81/0.775. This is not precisely the rate of dissolution per partnership (which is the parameter called for by the model) since some individuals are in more than one partnership, although this turns out to be a small effect. Of the 842 people who reported being in a partnership at the time of interview, only 17, or 2.0%, were in two or more partnerships. Allowing for this small correction, we then arrive at a value of = 2.29 ± 0.21. There is in this case no difficulty about reconciling our results with the formulation of the model: while it is not necessary that a person starting a new partnership be single (as the model assumes), it is clearly true that a person dissolving a partnership must be in a partnership, so this figure for corresponds to the parameter considered in [11] . Armed with these values for and , it should now be possible to make quantitative predictions of R 0 and other parameters of epidemiological interest using models such as that of [11] .
In conclusion, we observed a median time between partnerships that makes most serially monogamous partnerships effectively concurrent for most STIs. Thus, should an STI be introduced into our general population sample of 18 to 39 year olds, no special circumstances would be required to maintain circulation (assuming little or no condom use). Finally, since gap length was correlated with age, our results reinforce the need to focus interventions on adolescents and young adults, particularly those with the potential to mix with infected individuals. 
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